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(57) Abstract 

The invention generally lelates to a ptooess for the purification of a component of a binary azeotiope in which the conqwsition of the 
azeottopo by about 10 mole percent with pressure con^rising: a) subjecting a bmary azeotrope to a distillation step in which most 

of one of die binary con^wnenis is removed as distillatB (distillate 1) witii die bottoms (bottoms 1) enriched in the other conqionent; b) 
subjecting distiUate 1 to at least one additional distillation step cwducted at a diffeiait pressure in which most of the conqwnent iccovcred 
as bottMDS 1 is removed as distiUate 2 widi die bouoms 2 enriched m die coo^onent enridied in distiUate 1; c) optionally repeating step 
(b) as many times as desired; and d) recovering die desired purified component The invention is particulariy uscfiil m die purification of 
pentafluoroethane in a pentafluoroediane/chkxopentaflaoioediatte azeotrope. 
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PURIFICATION OF A COMPONENT OF A BINARY AZEOTROPE 

5 

BACKGROUND OF THE INVENTIQM 



Pentafluoroethane or HFC- 125 is a stratospherically safe 
10 substitute for dichlorodifiuoromethane (CFC-IZ) and chloropenta- 
fluoroethane (CFC-115) In refrigerant and sterilant gas 
applications. Methods for the production of HFC-125 are well 
known in the art. See, for example, USP 3,755,477* The problem 
with these processes is that they produce large amounts of CFC-115 
15 as a by-product which must be removed in order to comply with the 
Program for Alternative Fluorocarbon Toxicity Testing (PAFT) 
guidelines for product purity. PAFT requires that no more than 
0.5% CFC-115 can be present in HFC-125. In addition^ still lower 
levels of CFC-115 (i.e., <0.5%) are desirable to eliminate any 
20 ozone depletion risk. 

Because CFC-115 forms an azeotrope with HFC-125, see USP ' 
3,505,233, it is hard to remove using conventional separation 
techniques such as simple distillation. The art has therefore 

25 looked to extractive distillation techniques to separate these 
materials. See USP 5,087,329 which utilizes a 1 - 4 carbon 
fluorocarbon which optionally contains hydrogen and/or chlorine 
and has a boiling point of -39®C < e.a. < SO^C to increase the 
relative volatility of HFC-125 so that it can be more easily 

30 removed from the mixture. The problem with extractive 

distillation is that it adds cost and time, requiring yet another 
distillation step to recover the extracting agent. 



35 



Applicants have discovered a process for the removal of CFC- 
lis from HFC* 125 which overcomes these drawbacks and results in 
the production of high purity HFC-125 in high yield. 
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DESCRIPTION OF THE INVENTION 

The Invention preferably relates to a process for the 
purification of pentafluoroethane in a binary azeotrope of 
5 pentafluoroethane and chloropentafluoroethane comprising: 

(a) subjecting a mixture comprising pentafluoroethane and at 
least about 0.5 mole % chloropentafluoroethane to a distillation 
step in which most of one of pentafluoroethane or chloropenta- 
fluoroethane Is removed as distillate (distillate 1) with the 

10 bott(»ns (bottoms 1) enriched in the other component; 

(b) subjecting distillate 1 to at least one additional 
distillation step conducted at a different pressure in which most 
of the component recovered as bottoms 1 is removed as distillate 2 
with the bottoms 2 enriched in the component enriched in 

15 distillate 1; 

(c) optionally repeating step (b) as many times as desired; 

and 

(d) recovering purified pentafluoroethane. 

20 The invention Is not limited to the purification of 

pentafluoroethane. It is generally applicable to the purification 
of any component of a binary azeotrope in which the composition of 
the azeotrope changes by about 10 mole percent with pressure and 
comprises: 

25 (a) subjecting a binary azeotrope to a distillation step In 

which most of one of the binary components is removed as 
distillate (distillate 1) with the bottoms (bottoms 1) enriched in 
the other component; 

(b) subjecting distillate 1 to ait least one additional 

30 distillation step conducted at a different pressure in which most 
of the component recovered as bottoms 1 is removed as distillate 2 
with the bottoms 2 enriched In the component enriched in 
distillate 1; 

(c) optionally repeating step (b) as many times as desired; 

35 and 

(d) recovering the desired purified component. 
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We have discovered that by using the above-described novel 
5 distillation technique, we are able to minimize the effect of the 
CFC-115/HFC-I25 azeotrope and produce high purity HFC-125 in high 
yield. 

It is well known In the art that the composition of an 
10 azeotrope will vary with pressure. Ue discovered that the 

composition of the CFC-115/HFC-125 azeotrope changes dramatically 
(I.e., more than one would have predicted) with pressure. 
Specifically, we discovered that when pressure is increased to 
about 200 psia, the concentration of CFC-llS in the CFC-115/HFC- 
15 125 azeotrope approaches zero. 

As stated above, the novel distillation technique of the 
invention Is applicable to the purification of any component of a 
binary azeotrope In which the azeotrope composition changes by 
20 about Id mole percent with pressure. 

The purification of a component of a binary azeotrope, such 
as HFC-125 In the HFC-125/CFC-115 azeotrope, via the novel 
distillation technique of the invention may be accomplished by 

25 using a single distillation column operating at low and high 
pressure (or vice versa) with different batches or a series of 
distillation columns (1-e., two or more) operating at several 
different pressures. When a single distillation column Is used, 
the crude HFC-125 mixture containing CFC*115 may be fed, for 

30 example, to a distillation column operating at high pressure. The 
distillate Is then collected and re-fed Into the column now 
cleaned and operating at low pressure. The purified HFC-125 is 
then recovered from the bottom of the still. See Example I. 
Example 2 and Figure 1, exemplify the novel distillation 

35 technique of the invention using two columns. 



When two or more columns are used, they may be operated as a 
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batch or continuous distillation. Figure 1 is a schematic view of 
the novel distillation technique of the Invention In which two 
distillation columns are used in a continuous distillation. In 
this figure, the distillate or overhead (3) from the low pressure 
5 column (C2) is recycled back to the high pressure column (CI). 
Alternately, the first distillation column may be operated at low 
pressure and the second column at high pressure. In this case» 
the distillate from the high pressure column is recycled to the 
low pressure column. When the novel distillation technique of 
10 the Invention is used commercially, it is best to use it in the 
continuous operating mode in order to maximize the HFC*125 yield. 

The precise configuration (i.e., whether the feed is first 
introduced into a high or low pressure column) depends upon the 

15 feed composition and process economics. The feed composition must 
contain less than the azeotropic amount of CFC-115 In order for 
the CFC-115 to be removed as distillate (overhead). For example, 
if the CFC-115 concentration in the feed is greater than the 
azeotropic composition in the low pressure column, then it will be 

20 necessary to Introduce the feed into the high pressure column so 
that the majority of the CFC-115 can be removed quickly from the 
bottom of the high pressure column. 

The pressure at which the distillations are conducted is 
25 preferably less than about 400 psia and greater than about 5 psia, 
more preferably less than about 300 psia and greater than about 10 
psia, and most preferably less than about 250 psia and greater 
than about 15 psia. The distillations may for example be conducted 
at a pressure of from about 50 to about 400 psia and a pressure of 
30 from about 15 to about 35 psia, a pressure of from about 100 to 
about 300 psia and a pressure of from about 15 to about 25 psia, a 
pressure of from about 150 to about 250 psia and a pressure from 
about 15 to about 20 psia. 

35 The pressure at which most of the HFC* 125 can be removed as 

distillate is preferably about 50 to about 300 psia, more 
preferably about 100 to about 250 psia and most preferably about 
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150 to about 220 psia. The pressure at which most of the CFC-115 
can be removed as distillate is preferably less than about 35 
psia, more preferably less than about 25 psia and most preferably 
less thar. about 20 psia. 

5 

The temperature at which the dist111ation(s} is(are) 
conducted will depend on the pressure used. 

The NFC-125 to be purified may be prepared by any process 
10 known in the art. See USP 3»755,477. Typically, known processes 
for the production of HFC-125 like that of USP 3,755,477 produce 
at least 2 mole X CFC-115 as a by*product. 



15 EXAHPLEl 

Crude HFC*125 containing 98*5 mole % HFC-125, 1.2 mole % 
CFC-115 and about 0.3 mole % of other reaction products prepared 
by the fluorlnation of dichlorotrlfluoroethane (i.e., 1,1- 

20 d1chloro-2,2,2-tr1f1uoroethane (HCFC-123} containing about 9 mole 
% l,2-d1chloro-l,2,2-trifluoroethane (HCFC-123a)) with anhydrous 
hydrogen fluoride in the presence of a chromi a/alumina catalyst 
was charged to a distillation column consisting of an Inconel 
reboiler attached to a 2 Inch diameter stainless steel column 

25 filled with 1/4" protruded ribbon packing made of Nonel. A 
stainless steel condenser was mounted on top of the column. 
Chilled methanol was pumped to the condenser to provide cooling. 
The distillation column was operated at about 24.7 psia, a reflux 
temperature of about -38% and a reboiler temperature of about 

30 -37oC. 

Upon distillation, a distillate containing about 95 mole % 
HFC-125 and about 5 mole % CFC-115 was removed at a reflux ratio 
of about 20:1 until the reboiler CFC-115 content was reduced to 
35 about 0.3 mole X, The distillate was then fed back into the column 
and distilled again. This time, the pressure in the distillation 
column was raised to about 206.7 psia by heating the reboiler 
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re- 
using steam and lowering the condenser coolant flow. The reflux 
temperature was about 30^C and the reboller temperature was about 
40**C- The distillate from this second distillation had a 
composition of about 97/3 mole % HFC-125/CFC-115 respectively, 

5 

EXAMPLE 2 

The following Example is performed using the set-up shown in 
10 Figure 1* 

To a distillation column* CI, similar in structure to the 
distillation collumn of Example 1 is fed crude HFC-125 containing 
20 mole % CFC-115 (see Table I, column Fl) which is obtained by 

15 the hydrofluori nation of HCFC-123 with anhydrous hydrogen fluoride 
in the presence of a chrome oxide catalyst. The distillation is 
conducted at 220 psia» a reflux temperature of about 28^C and a 
reboiler temperature of about 35oC. The overhead (1) contains 
relatively pure HFC-125 (96 nole X). Little CFC-115 is carried 

20 overhead as the azeotrope while the bottom (2) is rich In CFC-115. 
The overhead Is then passed to a second distillation column, C2, 
similar in structure to CI, operated at low pressure, (i.e., 24.7 
psia), a reflux temperature of about -38^0 and a reboiler 
temperature of about -37*^0 • At low pressure, the amount of CFC- 

25 115 in the azeotrope increases dramatically* The azeotrope, now 
rich in CFC-115» is distilled over (3), while essentially pure 
HFC-125 (99.8 nole X) Is removed as the bottoms (4). See Table I 
for an In depth description of the reaction conditions and mass 
balance Information. 

30 



35 
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Table I 







Heat and M. 


atoialBalanc 


» Table 




Stream ID 




Fl 


1 


2 


3 


4 


Mole Flow 


LBMOL/HR 












G12S 




0.80 


1.04 


0.35 


0.27 


0.77 


GllS 




0.20 


0.04 


0.19 


0.04 


1.19 


1 Total Flow 


LBMOL/HR 


1.00 


1.08 


0.23 


0.31 


0.77 


1 Total Flow 


LBAHR 


126.91 


131.02 


34.89 


39.01 


92.01 1 


Std. Vol 
Flow 


FT/HR 


1.69 


1.84 


0.47 


55.02 


1.02 


1 Taiq>. 


oC 


26.00 


31.32 


41.48 


-36.71 


-36.32 


Pressure 


PSIA 


220.00 


214.70 


214.70 


24.70 


24.70 



BZJkMP&B 3 

Crude HFC-125 containing 98.5 mole % HFC-125, 1.2 
20 mole % CFC-115 and about 0.3 mole % of other reaction 
products is prepared by the f luorination of 
dichlorotrlfluoroethane (i.e., l,l-dichloro-2,2,2- 
trifluoroethane (HCFC-123) containing about 9 mole % 
l,2-dichloro-lr2,2-trifluoroethane (HCFC-123a)) with 
25 anhydrous hydrogen fluoride in the presence of a 
chromia/ alumina catalyst and is cheirged to a 
distillation column consisting of an Inconel reboiler 
attached to a 2 inch diameter stainless steel column 
filled with 1/4** protruded ribbon packing made of 
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Nonel. A s'tainless s^eel condenser is mounted on top 
of the column. Chilled methanol is pumped to the 
condenser to provide cooling. The distillation column 
is operated at about 180 psia, a reflux temperature of 
5 about 20*^0 and a reboiler temperature of about 30 *C. 

Upon distillation, the distillate contains 
essentially pure HFC<-125 ( >99 mole %) while the bottom 
is enriched in CFC-115. The distillate is then fed back 

10 into the column and distilled at a pressure of about 35 
psia (obtained by raising the condenser coolant flow) , a 
reflux temperature of about -26**C and a reboiler 
temperature of about -25**C, Under these conditionas, the 
distillate is enriched in CFC-115 while the bottom 

15 contains essentially pure HFC-125 {>99.5 mole %) • The 
distillate from the second distillation is then fed back 
into the column and distilled at a pressure of about 210 
psia (obtained by heating the reboiler using steam and 
lowering the condenser coolant flow) , a reflux 

20 temperatiure of about 25**C and a reboiler temperature of 
about aa'^C. Upon distillation, the overhead is 
essentially pure HFC-125 (>97 mole %) . CFC-115 
(containing about 40 mole % HFC-125) is recovered as the 
bottom. 

25 

BZAMPLB 4 

To a distillation column, similar to the 
30 distillation coltmn of Example 3 is fed crude HFC-125 
containing 2 mole % CFC-115 obtained by the 
hydrofluorinatlon of HCFC-123 with anhydrous hydrogen 
fluoride in the presence of a chrome oxide catalyst* The 
distillation is conducted at about 30 psia, a reflux 
35 temperature of about -30*'C and a reboiler temperature of 
about -29 •C. The overhead is enriched in CFC-115 (5 mole 
% CFC-115) while the bottom contains essentially pure 
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HFC-125 ( >99 mole %) • The distillate is then passed to 
a second distillation colxmn similar to the first column 
in structure but operated at high pressure (i.e., about 
200 psia) , a reflux temperature of about 24°C and a 
5 reboiler temperature of eibout 32^C. At this pressure, 
the distillate is enriched in HFC-125 ( >97 mole %) while 
the bottoms contain more CFC^llS ( >10 mole %) . The 
distillate is then fed to a third distillation column 
similar in structure to the first column and operated at 

10 low pressure (i.e., about 25 psia), a reflux temperature 
of about -37^C and a reboiler temperature of about -36^C. 
At this pressure, the distillate is becoming enriched in 
CFC-115 (about 7 mole %) while the bottoms are richer in 
HFC-125 ( >99 mole %) . Finally, the distillate from this 

15 third distillation is fed to a fourth distillation column 
similar in structure to the first column but operated at 
about 225 psia, a reflux temperature of about 30^C and a 
reboiler temperature of about 42^C. Under these 
conditions, essentially pure HFC*125 ( >97 mole %} is 

20 recovered as distillate while the bottoms are enriched in 
CFC-115 (>40 mole %) • 
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What is daimed; 

1. A process for the purification of a component of a binary azeotrope in 
which the composition of the azeotrope changes by about 10 mole percent .with 
pressure comprising: 

(a) subjecting a binaiy azeotrope to a distillation step in which most of 
one of the binary components is removed as distillate (distillate 1) with the 
bottoms (bottoms 1) enriched in the other component; 

(b) subjecting distillate I to at least one additional distillation step 
conducted at a dififerent pressure in wUdi most of the componrat recovered as 
bottoms 1 is rmoved as distillate 2 with the bottoms 2 enriched in the 
component enriched in distillate 1; 

(c) optionally repeating step (b) as many times as desired; and 

(d) recovering the desired purified componoit. 

2. A process for the purification of pentafluoroethane comprising: 

(a) subjecting a mixture comprising pentafluoroethane and at least 
about 0.5 mole % chloropentafluoroethane to a distillation step in which most 
of one of pentafluoroethane or chloropenta-fluoroethane is rmoved as 
distillate (distillate 1) with the bottoms (bottoms 1) omched in the other 
component; 

(b) subjecting distillate 1 to at least one additional distillation step 
conducted at a cfififerent pressure in which most of the component recovered as 
bottoms 1 is removed as distillate 2 with the bottoms 2 nriched in the 
component enriched in distillate 1; 

(c) optionally repeating step (b) as many times as deared; and 

(d) recovering purified pentafluoroethane. 

3. The process of daim 2 wherein said distillation is conducted in a sin^e 
colunm. 

4. The process of claim 2 ^xHiierein said distiUation is conducted in two 
separate columns. 

5. The process of claim 4 whcmn said distillation is conducted as a batch 
distillation. 
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6. The process of claim 4 wherein said disdUation is conducted as a 
continuous distillation. 

7. The process of claim 4 wherein step (c) is omitted. 

8. The process of daim 7 wherein the first distillation step is conducted at 
a pressure of at least SO p^ and the second distiUatton is conducted at a lower 
pressure. 

9. The process of daim 1 i^^dn said distillation is conducted in a sin^e 
column. 

10. The process of claim 1 wh^ein said distillation is conducted in two 
separate columns. 

1 1 . The process of claim 10 wherein step (c) is omitted. 

12. The process of daim 11 wdierein said distillations are conducted at a 
pressure of less than about 400 paa and greater than about 5 paa. 



INTERNATIONAL. SEARCH REPORT 



Iiiticm al Application No 

PCT/US 94/01117 



A. CLASSfriCAT(ON OF SUBJECT MATTER ' 

C 07 C 17/38, C 07 C 19/08, B 01 D 3/14 

According to Intemadonal Patent aasaficaiion (IPQ or to both nationji dttiifintion and IPC 



B. FIELDS SEARCHED 

MiniiniimdocunMBtatioaseardied (dassiacaiion lysiem fottowed by dasaficaiion syml^^ 



C 07 C 17/00, C 07 C 19/00, B 01 D 3/00 
DocumentatioQ seardKd oihcr Aan 



documentaiion to the extent that cudi documents are indiidcd in the fields tcarched 



Bcctronic dau base oofisulted during the intcmatioaal leaidi (name of dau ^ 



g DOCUMENTS CONSIDERED TO BE RELEVANT 



Caie«ory' 



atftliOQ of dooBieBt* widiindicaluNi. where appfopdate, of theidevut pasagcf 



Relevant to claim No, 



Y,P 



E. BARTHOLOME et al, 

"Ullmanns Encyklopadie der 
technischen Chemie" , 
4th edition, vol, 2, 1992, 
"Verfahrenstechnik I (Grund- 
operationen) " , 
VERLAG CHEMIE GMBH, 
Weinheim, pages 509-510, 
especially page 509, right 
coliomn; page 510, left 
column; fig. 41. 



WO, Al, 93/23 355 

(DAIKIN INDUSTRIES LTD.) 

25 November 1993 (25.11.93), 

example 2. 



1,9-11 



2,4, 
6,7 

2,4, 
6,7 



□ 



Further documents arc listed in the conimuation of box C 



□ 



Patent laottly members afcltsacd in 4 



Spcoai caiegpnes of deed documenU : 

A* document defmrng the teneral stale of the art which is not 
considered lo be of paincular relevance 

E' eailier document but published on or after the intemaiional 
nimgdate 

L' document which may throw doubts on pnority dain^s) or 
which is Qted to-establish the pubticaaoo date of another 
ataaon or odtcr special reason (ax spcdfled) 

O* document referring to an wal disclosure, use. exhibition or 
other means 

document pubtidicd prior lo the interoaiional filing date but 
later dun the pnority date daimed 



T laaer document published after the inieiiuiional filing date 
or pfioniy date and imx in conflict with the application but 
atcd to undentand the pnndple or theory undcrtying the 
invention 

"X' document of particular rdcvance:die daimed invention 
cannot be eonadered novel or cannot be cottsidend CD 
involve an inventive step when the docimicntis tdcen atone 

"Y' ttocument of particular rdevance; the daimed tnvcntioo 
cannot be considered to involve an inventive xtep when the 
document is oombined with one or more other such docu- 
ments, such combination being obvious to a petaott skilled 
in the art. 

document mentber of the same patent family 



Date of the actual comptetioo of dte intcmatiooal search 

05 May 1994 



Date of mailing of the intemitional search report 



31. 05.94 



Name and maihng address of the ISA 

European Patent Oflicc. P.O. 5818 PateoOaan 2 
.Nt - 2280 HV Rijswijk 
Td. ( + 31-70) 340-2040. Tx. 31 6S1 cpo nl. 
Fax: (-► 31-70) 340-3016 



Audiomed officer 



KdRBER e.h. 



Fofo PCT.'1SA/2IQ ficoend tUcet) (July im) 



-2- 



INTERNATIONAL SEARCH REPORT 



[fita mal Application No 

PCT/US 94/01117 



C(Continiuiion) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* Gtstion of document, wimindicition, whmappnpnalc. of the kI^^ 



Relevant to daim Nol 



EP, Al, 0 467 531 

(IMPERIAL CHEMICAL 

INDUSTRIES) 22 January 1992 
(22.01.92) , 

page 3, line 48 - page 4, 
line 9. 



WO, Al, 92/20 640 

(E.I. DU PONT DE NEMOURS 
AND COMPANY) 26 November 1992 
(26.11.92) , 

page 4, line 14 - page 6, 
line 17. 

US, A, 3 505 233 

(UNION CARBIDE CORPORATION) 
07 April 1970 (07.04.70), 
claims 

(cited in the application) . 



1,9-11 



2,4, 
6,7 

2,4, 
6.7 



PCT/ISAAIO IcoAliaiMtioa of teoond ihcM) (July 1993) 



